Proopiomelanocortin (POMC) is a precursor polypeptide for various bioactive peptides, including adrenocorticotropic hormone, a-, p-, and y-melanotropin, pendorphin, and P-lipotropin. Although the classical source of POMC is the pituitary, various studies indicate the expression of POMC in several nonpituitary tissues. In this study, in sitrr hybridization with anti-sense cRNA riboprobe was used to show expression of POMC mRNA in human epidermis and cultured human epidermal cells (melanocytes and keratinocytes). POMC mRNA was amplified by reverse transcriptase-polymerase chain reaction using anti-sense and sense primers designed roopiomelanocortin (POMC) is an =30,000 dalton precursor protein for a variety of bioactive peptides (Smith and Funder, 1988), adrenocorticotropic honnone (ACTH), (x-, p-, and y-melanotropin (MSH), P-endorphin, and P-lipotropin. All of these are derived by tissue-specific post-translational proteolytic cleavage from P O M C (Evans et al, 1983 ). In the anterior lobe of the pituitary the major secretory products are ACTH and P-lipotropin, whereas in the intermediate lobe the predominant products are a-MSH and corticotropin-like intermediate product (Mains et a[, 1977; Crine et al, 1978). This proteolytic processing is mediated by prohormone convertase 1 and 2 (Bloomquist et al, 1991; Lindberg, 1991). Prohormone convertase 1 cleaves P O M C to ACTH and P-lipotropin, whereas prohormone convertase 2 cleaves P O M C into P-endorphin from P-lipotropin, generating (X-MSH and/ or des-acetyl-a-MSH by further cleavage of ACTH (Bloomquist et al, 1991; Lindberg, 1991).
been shown that the mouse genome contains two P O M C relatgd gene sequences, a-POMC and P-POMC (Uhler e f al, 1983). The functional a-POMC in mouse is very similar to the single gene expressed in human, bovine, and rat genome (Uhler et al, 1983). a-and P-POMC genes map to mouse chromosomes 12 and 19, respectively. The P-POMC locus may contain a pseudogene (Uhler et al, 1983).
The POMC is expressed in the pituitary gland, its traditional source, and in the hypothalamus, amygdala, and cerebral cortex. POMC expression also occurs in the ovary and testis, adrenal medulla, spleen, duodenum, and stomach (Pintar et a [, 1984 ). P O M C mRNA and its derived peptides have also been detected in cells of the immune system (Blalock, 1985) . Our recent results showed the presence of POMC and its derivative peptides in murine epidermal cells and Thy-l+ dendritic cells (Farooqui et al, 1995) . The latter cells are bone marrowderived T lymphocytes found exclusively in murine epidermis. In human skin, (x-MSH was the first POMC-derived peptide to be identified ( 1996) , and Langerhans cells (Morhenn, 1991) . It remains to be determined whether these molecules were synthesized in situ or transported from other sites.
In this study we show the presence of m R N A for P O M C in human epidermal cells, including melanocytes and keratinocytes, using in situ hybridization. We have also characterized the POMC-like ~R N A Manuscript received February 10, 1998; revised May 11, 1998; accepted for transcripts in epidermal tissue and isolated using reverse tmpublication May 20, 1998. Reprint requests to: Dr. Jamal Farooqui, Department of Dermatology, scripease-polymerase chain reaction (RT-PCR). ~h e s e data prove that univenity of cincinnati ~~l l~~~ of ~~d i~i~~, PO B~~ 6,0592, cincinnati, P O M C is synthesized in the epidermis. Partial sequence of isolated OH 452674592, POMC mRNA transcript from human skin, melanocytes, and,kerAbbreviations: BPE Sense and anti-sense plasmids were linearized by ECoR1. The linearized templates were treated with proteinase K (0.1 pg per ml) and sodium dodecyl sulfate (0.1%) at 37OC for 30 min and then purified by phenol and chloroform extraction. The radiolabeled sense and anti-sense cRNA probes were synthesized using 1 pg of linearized template and 50 units of SP6 polymerase (Stratagene, La Jolla, CA) in the presence of 1 X reaction buffer, 0.4 mM adenosinetriphosphate, guanosine triphosphate, and thymidine triphosphate, 0.01 n1M uridine triphosphate, 30 mM dithiothreitol, and 40 units RNasin (Promega), and 200 pci 3 5~-~~~ (Amersham, Arlington Heights, IL; 800 Ci per mmol, 40 mci per ml) was added in each reaction. The in vitm transcription mixture was allowed to react at 37OC for 3 h. Then the mixture was treated with 1 unit RNase free DNase (Stratagene) for 10 min at 37OC. The reaction product was extracted once with phenol, isopropyl alcohol, and chloroform in the presence of 0.1 pg yeast tRNA per ml (BRL, Gaithersburg, MD) and purified by passing through G-50 sephadex Quick Spin Column (Boehringer, Indianapolis, IN).
In situ hybridization Skin biopsies (4 mm) were obtained from the foream1 -of six consenting normal human subjects and fixed in 4% paraformaldehyde in phosphate-buffered saline for 2 h, cryoprotected in 30% sucrose overnight, embedded in O C T (Tissue Tek, Elkhart, IN), and quickly snap frozen at -80°C. The embedded tissue blocks were stored at -80°C until used. Normal human melanocytes and keratinocytes were either cytocentrif~iged on slides or grown in eight well chamber slides (Tissue Tek). The frozen skin sections (7 pm) and cells on Tespa (3-amino propyltriethoxysilane) coated slides were air dried and postfixed in 4% paraformaldehyde for 1 h. The slides were treated with proteinase K (20 pg per ml) for 5 min followed by treatment with 0.25% acetic anhydride in 0.1 M triethanolamine for 10 min, washed, and air-dried (Witte ct al, 1991). Prehybridization was carried out at 42OC for 15 min in hybridization cocktail containing 2 X sodium citrate/chloride buffer, 50% formamide, 10% Dextran sulfate, 0.75 mg yeast tRNA per ml, 0.75 mg herring sperm DNA per ml, 5 nlM dithiothreitol, 0.1 mg bovine serum albumin per . ml, 1 X Denhardts' solution, and 0.1 mM thio-UMP. Following prehybridization, the sections were hybridized by using 1 X 10' cpln per slide corresponding anti-sense or sense probes in the hybridization cocktail without thio-UMP at 4Z°C for 14-16 h with coverslip sealed by Cement (Kindler, Trenton. NJ).
,
Coverslips were removed and the sections were washed in 1 X sodium citrate/ chloride buffer and 1 mM dithiothreitol at 50°C for 30 min and then incubated in RNase T I at 37°C for 30 min. A series of high stringency wash was followed. The washing steps started with 50% formami& in 2 X spdium citrate/chloride buffer at 50°C, 2 X 30 min, 0.5 X sodium citrate/thloride buffer, and finally in 0.1 X sodium citrate/chloride &u&r at .5S°C, and dithiothreitol was added to a final concentration of 1 mM. After dehydration and drying, slides were dropped in Kodak NTB2 emulsion, stored,'at 4OC, and developed after 5-14 d. Combination of immunohistochemistry and in sitti hybridization Biopsies from normal human skin were processed as described above. The tissue sections were first subjected to immunohistochemical staining to identify epidermal melanocytes and keratinocytes. A melanocyte,spec~fic antibody (Mel-5) (Signet Labs, Dedham, MA) that recognizes TRP-I epitbpe was used to identify melanocyte, whereas cytokeratin antibody (Zymed Labs, San Francisco, CA) that specifically stains low molecular weight acidic keratins was employed for keratinocyte identification in the tissue sections. The sections were stained using avidin-biotinylated horseradish peroxidase Vector kit (Vector Laboratory, Burlingame, CA) except that aU the solutions were prepared in DEPC-treated water. Following immunohistochemical staining, the sections were subjected to in situ hybridization as described above.
Total RNA extraction Total R N A used for KT-PCR was isolated using T R I REAGENT method (Molecular Research Center, Ohio). Briefly, normal human skin and grafted human skin were homogenized in T R I REAGENT (50-100 mg tissue per ml) using Polytron homogenizer. Cultures of human melanocytes and keratinocytes were lyzed directly in the culture flask using T R I REAGENT and collected in microfuge tubes. After phenol-chloroform extraction, the RNA was precipitated with isopropanol and the pellet was rehydrated in DEPC-H20. RNA samples extracted from normal human skin, grafted human skin, cultured human melanocytes, and kentinocytes were purified using Message Clean kit (GeneHunter, Nashville, TN). RNA was treated with 10 units RNase-free DNase 1 for 30 nlin at 37OC. After phenolchloroform extraction RNA was precipitated by adding 3 M sodium acetate and 100% EtOH for 1 h at -70°C. The RNA pellet was washed once with .t 70% EtOH and briefly air-dried. RNA was re-dis.olved in DEPC-treated water and quantitated.
Reverse transcription reaction Partial sequence representing Exon 2 (Primer 1) and Exon 3 (Primer 2) was used in the synthesis of the primen: Primer 1, 5'-AGG ACC TCA CCA CGG AAA GCA ACCT-3' (sense); Primer 2, 5'-AGT GCT CCA TGG AGT AGG AGC GCT T-3' (anti-sense). Reverse transcription was performed using oligod(T)l6 as primer. The reverse transcliprase mixtures contained 0.8 pg of cleaned RNA, 2.5 unit Murine Leukemia Virus Reverse Transcriptase, 1 unit RNase inhibitor, 2.5, mM oligod(T)l6, 1 mM of dGTP, 1 mM dATP, 1 mM dCTP, 1 n1M dTTP, 5 mM MgCI2, and 10 X PCR buffer I1 (Perkin Elmer). The reaction was carried out at 42OC for 15 min, 99OC for 5 min, and 5°C for 5 min on Perkin-Elmer Gene Amp PCR system 9600.
Polymerase chain reaction (PCR) P C R was performed in 100 pI containing the reverse transcriptase mix (front above) and 80 p1 of PCR master mix including 2 mM MgC12, 1 X PCK buffer 11, 0.15 pM Primer 1, 0.15 pM Primer 2, and 2.5 unit of Ampli-Taq DNA Polymerase. The reaction was
following conditions were used: I, RNA was not added in reverse transcriptase mix; 2, amplified RNA without reverse transcriptase; 3, PCR with no cDNA as template. None of the negative control lanes showed any bands.
Southern blotting The PCR products were subjected to Southern blot analysis following standard procedure (Sambrook er al, 1989) . The PCR products were run on 1.5% agarose gel, denatured in 0.5 M NaOH, 1.5 M NaCl, and transferred to nylon membrane. After UV cross-linking, the membrane was prehybridized in solution containing 1% sodium dodecyl sulfate and Formamide at 42° for 4 h. [a-32 p]dCTP-labeled human POMC cDNA was added to fresh hybridization buffer and incubation was perfonned at 42°C overnight. The membrane was washed three times according to the protocol. After final 1inse, the membrane was exposed to a X-ray film (Kodak, Rochester, NY) for 2 h at -70°C.
Sequence analysis RT-PCR products were ligated into pCR 2. l C vector (TA cloning kit, lnvitrogen, CA) and 2 µl of ligation mixture was transformed into One Shot competent cells and plated on LB-ampicillin agar plate. After incubation of the plates at 37°C overnight, white colonies were picked and placed in LB ampicillin medium overnight at 37°C, 225 r.p.m. The digestion of plasmid DNA with ECoR 1 gave a =300 bp product. The sequence analysis of the ONA was performed using M13 (Forward/Reverse) primer at the DNA core facility at University of Cincinnati. The sequencing of ONA from each sample was carried out at least three times to ensure the sequence reproducibility.
RESULTS
Tissue localization o f POMC mRNA in huma n epidermis Figure 1 shows th e result of in sit11 hybridization of a representative human skin specimen. The signal for POMC mRNA was specifically confined in the upper layer of epidermis with anti-sense RNA probe (Fig la, arrowheads) . Occasionally, a weak POMC signal was also observed in the dermis . The autoracliography signal in the dermis was confined to inclividual cells, suggesting that endothelial cells or perivascular cells may also express POMC mRNA. Epidermis labeled wi th sense probe was used as a measure of nonspecific labeling (Fig lb) . Skin biopsies obtained from Caucasian (skin types I-Ill), Chinese American (skin type IV), and/or African American (skin type V) volu nteers showed no significant variation in the intensity or pattern of POMC mRNA signal by in sit11 hybridization, suggesting similar expression of POMC in clifferent skin types. These experiments were performed in triplicate with identical results.
To evaluate the specificity of the in sit11 hybridization, the cultures of AtT20 cells were used as a positive control. Our results show a strong positive signal with the POMC mRNA anti-sense riboprobe (data not shown), whereas there was only background binding of POMC mRNA w ith sense probe. These results indicated that our anti-sense probe specifically localized to POMC mRNA.
POMC mRNA expression in culture s o f normal human mela nocytes and keratinocy tes Prior to i11 si/11 hybridization, the BPE was eliminated from cultures of melanocytes and keratinocytes to elinunate exogenous concentrations of cx-MSH or ACTH present in BPE. A strong positive labeling with anti-sense probe was observed in cultures of melanocytes (data not shown) . Labeling with sense probe was used as an inclication of nonspecific labeling. Although a number of melanocytes were present in the culture, no specific labeling to the cells was noticed with sense probe. Cultures of keratinocytes also showed labeling with anti-sense probe, whereas no specific signal for POMC mRNA was demonstrated with sense probe (data not shown). These results indicate that human epidermal melanocytes and keratinocytes in culture are capable of expressing POMC mRNA . Both cultures of melanocytes and keratinocytes established from Caucasian and/ or African American donors did not reveal any variation in the intensity or pattern of POMC mRNA signal by i11 situ hybriclization. These experiments were carried out in triplicate to confirm the intensity and pattern of the POMC mRNA signal.
In vivo identific ation of the c ell types ex pressing POMC m RNA in human epidermis A combination ofimmunohistochemical stain-
Fi gure 1. Expression of P O MC mRNA in hum an epidermi s by i11 situ hybridization. Skin biopsies (4 mm) from nom1a1 human subjects were removed and fixed in paraformaldehyde for 2 h followed by treatment with sucrose overnight. Biopsies were embedded in OCT (Tissue Tek) and frozen at -80°C. Serial sections (7 µm) of skin were subjected to i11 siw hybridization using 35 S-labeled anti-sense cRNA probe. Photomicrograph of skin showing positive signal in epidem1is by anti-sense probe (a: arro111head). /11 siw hybridization with sense probe did not show any specific signal (b). Scale bars: l 00 µm.
ing and i11 sit11 hybridization was employed to identify the cell type (melanocyte and/ or keratinocyte) expressing POMC mR. A in human epidermis. A positive staining with mel-5 antibody that recognizes TRP-1 epitope, an enzyme found only in melanocytes, was observed in human epidermis (Fig 2a) . When the same sections were subjected to in sitLt hybridization a strong positive signal for POMC mRNA was . .
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• Figure 2 . Immunocytochemical stammg of epidermal melanocytes followed by i11 situ hybridization to localize POMC mRNA. Sections of normal human skin were stained with DEPC-treated Mel-5 antibody to identify epidermal melanocytes in skin. The same sections were then subjected to i11 sit11 hybridization using anti-sense and sense ,;boprobe. Skin sections exhibited positive staining for Mel-5 (arrowhead) and POM C mRNA was detected (a) with anti-sense POMC riboprobe, whereas no spec ific signal for POMC mRNA was detected with sense probe (b), although the melanocytes were still stained with Mel-5 (b). Scale bar: 50 µ111 .
detected with anti-sense probe (Fig 2a , arrowheads) and only background was noticed with sense probe (Fig 2b) . In addition, in control where mel-5 antibody was omitted, only POMC mRNA signal was observed with anti-sense probe (da ta not shown). Figure 3 (a) shows sta ining of human epidermis with cytokerati n an tibody that specifically stains lo w THE JOURNAL OF INVESTIGATIVE DERMATOLOGY Figure 3 . Immunocytochemical stammg of epidermal keratinocytes followed by i11 situ hybridization. lmmun ocytochemical staining of nonnal human skin was perfo1111ed using cytokeratin antibody to identify epidennal keratinocytes. The sections were then hyb1;dized with POMC mRNA probe to localize POMC mRNA. A positive staining for keratinocyte was observed (arrowhead) fo r cytokeratin and a positive signal for POMC mRNA was noticed with anti-sense riboprobe (a), whereas no signal was observed with sense riboprobe (b). Scale bar: 50 µm . molecular weight acidic keratins that are exclusively expressed by keratinocytes. The sections were positively stained for POMC mRNA with the anti-sense cRNA probe (arrowheads). Background signal was seen with sense riboprobe (Fig 3b) . In control where no primary antibody was added, only the signal for POMC mRNA was observed by anti-se nse probe (data not shown). These data indicate that i11 situ, human epidermal melanocytes and keratinocytes express mRNA for POMC.
Identification of RT-PCR produc t in human skin RT-PCR was utilized to detect POMC transcripts in human skin and epidem1al cells. Using sense and anti-sense primers designed from Exons 2 and 3 of human POMC, respectively, we performed RT-PCR on RNA purified from normal and grafted human skin and cultures of melanocytes and keratinocytes. As shown in Fig 4 , predicted =300 bp RT-PCR product specific to Exons 2 and 3 of the POMC gene was obtained in all the above samples analyzed, except in control where no RNA was added (lane 7). The va riation in the intensity of the ba nds specifically in normal human melanocytes co ul d not be d ue to the variation in sample loading as we used the same concentration of RNA in RT-PCR experiments. The lower intensity of RT-PCR product in melanocytes could possibly be due to the presence of low abundance message of POM C in melanocytes as compared with normal skin and/or keratinocytes. In addition, no RT-PCR product was found in samples that were amplified without cDNA and/or amplified without reverse transcriptase (data not shown). Further identification of the observed RT-PCR products from skin and epidem1al cell cultures was carried out by Southern blot analysis using 32 P labeled POMC cDNA. Southern blot analysis revealed the presence of =300 bp product, which hybridized with cDNA probe (Fig 5) . Sequence analysis of RT-PCR products from normal human skin, grafted human skin, and cultures of melanocytes and keratinocyte showed identical sequences. Only a representative sequence obtained from human skin or cultured cells is given (Fig 6) for comparison with the sequence in human pituitary. The appearance of a reproducible sequence of RT-PCR product eliminates any possibility of RT-PCR artifacts, because the experiment was performed three times independently. Comparison of nucleic acid sequence by Genebank showed an =85% homo logy with human POMC cDNA (Fig 6) . There are 28 differences be 1 tween the human pituitary POMC nucleotide sequence data and ours, as depicted by asterisks in Fig 6 . Owing to some of these differences our deduced amino acid sequence shows the substitution of ala for glu and that of Leu for pro, leu for ala, pro for arg, and ala for ser. T he Fresh RT-PCR products were ligated into pCR 2.1 in 10 µ]ligation mixture containing 1 µ I PCR product, I µI 10 X ligation buffer, 2 µl pCR 2.1 vector, 1 µl T 4 DNA Ligase, and 5 µl sterile water. The reaction was carried out by incubating at 14°C for 6 h. Two microliters of ligation mixture were transformed into One Shot competent cells and plated on LB agar plate. After incubation on LB agar plate at 37°C overnight, positive clones were picked up and grown in a larger volume (100 ml) of LB medium overnight at 37°C. The plasmid DNA was isolated and incubated with EcoR 1 at 37°C for 1 h to confim1 the presence of cloned insert. A =300 bp insert band was observed on 1.5% agarose gel. The sequence analysis of the plasmid DNA was perfom1ed at the University of Cincinnati DNA Core Facility. Comparison of the RT-PCR product sequence with human cDNA (11pper pa11e0 indicates an =85% homology, suggesting an isofom1 of POMC mRNA in human skin. Comparison of amino acid sequence (lower pa11e0 between pituitary and human skin is also depicted. The differences in nucleotide and amino acid sequences berween human skin and humon pituitary are represented by asteiisks. 
